The National Committee for Clinical Laboratory Standards (NCCLS) recommends, as a quality control for the disk diffusion susceptibility test, the use of three strains from the American Type Culture Collection: Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, and Escherichia coli ATCC 25922. This study assesses the capacity of these strains to detect errors in the overall method. ATCC strains were tested by comparing testing by the standard NCCLS-recommended procedure (ST) with testing under the following conditions: incubation at 25°C, Mueller-Hinton agar depths of 2 mm (AD2) and 8 mm (AD8), agar pHs of 6.5 and 8, inocula with McFarland standards of 0.25 (0.25M) and 4.0 McFarland (4.OM), direct inoculation without preincubation of inoculum (DI), and a 2-h delay between inoculation and disk application (2HR). The frequency of zone measurements outside the NCCLS-recommended control zone limits were as follows: ST, 0%; AD2, 18%; AD8, 9.6%; pH 6.5, 7.9%; pH 8, 5.3%; 0.25M, 3.5%; 4.OM, 24%; DI, 3.4%; 2HR, 1.8%; 25°C (only E. coli and P. aeruginosa were evaluable), 28%. These results suggest that the quality control strains are only partially effective in detecting single extreme laboratory errors and that careful laboratory supervision is necessary even in the setting of properly monitored quality control strains. isms. The first of each strain (Sj) was purchased from Difco (Detroit, Mich.) in lyophilized form in February 1988, subcultured twice, and frozen at -70°C in individual aliquots. A fresh aliquot, subcultured consecutively three times on 5% sheep blood agar, was used for each experiment. The second of each strain (S2) was generously provided by the Laboratoire de Sante Publique du Quebec (Ste-Anne-de-Bellevue, Quebec, Canada). These strains were acquired directly from ATCC in 1982 or 1983 and frozen at -70°C. They were subsequently subcultured and lyophilized, the form in which they were received at our institution. These were rehydrated with trypticase soy broth and subcultured consecutively three times on 5% sheep blood agar before use.
To assure that bacterial susceptibility results obtained by disk diffusion of rapidly growing pathogens are both accurate and reproducible, the National Committee for Clinical Laboratory Standards (NCCLS) has recommended performance guidelines (5). Included in these performance standards is the frequent testing of the three American Type Culture Collection (ATCC) quality control strains: Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, and Pseudomonas aeruginosa ATCC 27853. Defined zone diameter limits are recommended against which laboratories can compare their results and thus verify compliance with the recommended method (4) . Laboratory errors in the preparation of agar, inoculum, and incubation temperature are known to affect the results obtained by disk diffusion susceptibility tests (3, 7) . However, the capacity of these three ATCC strains to detect such errors has not been comprehensively elucidated.
We undertook this study to evaluate the ability of these three ATCC strains to detect procedural errors in disk diffusion. To this end, we exposed the three ATCC strains to single variations of the recommended NCCLS protocol.
(This material was presented in part at the ASM General Meeting, Dallas, Tex., 5 to 9 May 1991.)
MATERIALS AND METHODS Bacteria. The three strains, E. coli ATCC 25922, S. aureus ATCC 25923, and P. aeruginosa ATCC 27853, were each obtained from two different sources for a total of six organ-* Corresponding author.
isms. The first of each strain (Sj) was purchased from Difco (Detroit, Mich.) in lyophilized form in February 1988, subcultured twice, and frozen at -70°C in individual aliquots. A fresh aliquot, subcultured consecutively three times on 5% sheep blood agar, was used for each experiment. The second of each strain (S2) was generously provided by the Laboratoire de Sante Publique du Quebec (Ste-Anne-de-Bellevue, Quebec, Canada). These strains were acquired directly from ATCC in 1982 or 1983 and frozen at -70°C. They were subsequently subcultured and lyophilized, the form in which they were received at our institution. These were rehydrated with trypticase soy broth and subcultured consecutively three times on 5% sheep blood agar before use.
Media. The media used consisted of two lots of MuellerHinton Il agar (BBL, Mississauga, Canada) and one lot of trypticase soy broth (TSB; Difco). Mueller-Hinton agar plates were hand poured to depths of 4 to 6 mm (standard depth), 2 mm, and 8 mm. Plates with pH 7.2 to 7.4 (recommended pH), pH 6.5, and pH 8.0 were prepared by acidification (with 1 N HCI) or alkalinization (with 1 N NaOH) of media after sterilization. Measurements of pH were reverified after pouring and solidification with a surface electrode. Media were used within 1 week of preparation.
Antibiotics. Antibiotic disks used were those of Organon Teknika (Scarborough, Ontario, Canada 
CD
clindamycin zones with S. aureus and smaller aminoglycoside (especially gentamicin) zones with E. coli might be due to a low agar pH. A high agar pH may result in diminished tetracycline zones with S. aureus. A large inoculum may result in smaller ceftriaxone and cefazolin zones with E. coli as well as a decreased clindamycin zone with S. aureus. Our data suggest that although ATCC control strains appear similar when tested according to the recommended procedure, their behavior under altered study conditions brought out phenotypic variation. Since our data are limited by the number of strains of each ATCC organism studied and the number of repeated tests of these strains, we believe that a larger multicenter study with a larger number of strains tested against a greater number of antibiotics is necessary to confirm our results.
NCCLS recommends, in addition to zone size limits, two other indices for detecting errors in laboratory technique. The first is defined zone ranges for five consecutive tests of quality control strains (Table 4 of NCCLS document M2A4); however, this index may not be very useful as the acceptable range of measurements is very wide and is encompassed by the zone size limits (5). The second index recommended by NCCLS is the laboratory-specific midpoint and standard deviations. These indices may not be very sensitive, as most errors in the present study led to deviations of 1 or 2 mm.
The errors selected for testing in this study were single and extreme and would be expected to be rare. How the control strains would behave under less extreme and more complex situations remains unanswered and should be investigated. Whether and how such errors alter the susceptibility interpretation of clinical strains needs answering as well. The important question in quality control, as posed by J. V. Bennett, is "If we had an organism whose true mean value was actually right at the breakpoint between susceptible and...resistant, how much variation could we tolerate in technique and still avoid changing the interpretation...?" (1) .
Until these issues are resolved, strict laboratory supervision is warranted even in the setting of properly performing quality control strains for susceptibility tests. 
